Aim-To identify a physico-chemical criterion, or set of criteria, explaining and possibly predicting the nephrotoxic behaviour of Bence-Jones proteins (BJP). Methods-The electrophoretic mobility and isoelectric point (pI) of 92 BJP isolates were determined using various electrophoresis procedures on polyacrylamide gel. 
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For reasons as yet undetermined, the severity of renal disease varies among patients. [5] [6] [7] [8] [9] This depends both on the intrinsic properties of the protein (degree of polymerisation, isoelectric point (pI), and charge) and on the composition of serum and urine.'0 Studies undertaken in recent years both in animals'1-17 and in humans'8-22 support this association. Indeed, light chain polymerisation seems to have a role in the development of renal lesions,'823 giving an importance to pI," '9 which has been contested. Urinary BJP, measured by electrophoresis, represented at least 30% of total proteinuria in the 92 patients (total mean proteinuria = 1-3 g/l).
Twenty four hour urine specimens were collected at the bedside and stored in the laboratory for 72 hours at 4°C, without preservatives. Samples containing more than 3 g/l of protein were diluted in appropriate buffer (depending on the electrophoresis method), or in distilled water (for isoelectric focusing). All electrophoretic migrations were carried out with the Phast-System (Pharmacia, Uppsala, Sweden).
Native polyacrylamide gel electrophoresis (PAGE) separates components on the basis of their size, net charge, and conformation. It is one of the methods used for studying the composition and structure of native proteins, without denaturing agents or detergents, such as sodium dodecyl sulphate (SDS).
One microlitre of urine from each patient was deposited on 8-25 Phastgel gradient (8% and 25% acrylamide gel gradient). Migration was run at a pH close to 8, according to the manufacturer's instructions, with a slight modification in the migration time (the end of migration was programmed at 350 Vh). Ferguson plots were constructed for 10 BJP isolates, to study their charge and size. Relative mobility was determined using PAGE, with three known concentrations of acrylamide (T = 7*5, 12, and 20%) in native conditions. 27 For isoelectric focusing, 1 pl of untreated urine sample was deposited on the midline of Phastgel IEF 3-9 plates. Migration was run according to the manufacturer's instructions. The gel was calibrated using the Pharmacia isoelectric focusing protein calibration kit. Mean values were compared by using Student's t test. The predictive value of the various factors (isotype of the light chain, "migrational" molecular mass, and pI) for the onset of renal impairment was assessed using unifactorial and then multifactorial logistic regression models. All calculations were performed on SAS software (SAS Institute Inc., Cary, North Carolina, USA). profiles (fig 2) . In the group of patients with renal impairment the mean "migrational" molecular mass was 206 kilodaltons, and was not significantly different from that in the group of patients with normal renal function (a = 215 kilodaltons). The distribution of the patients with renal impairment according to the "migrational" molecular mass, classified in increasing class values, showed that the proportion of patients with renal impairment increased from one class to another, although the difference between each class was not significant (fig 4) . MOLECULAR In 25 of the 58 patients immunoblotting showed the presence of small fragments reacting with the free light chain antiserum, with a molecular mass estimated at 14 kilodaltons.
ISOELECTRIC POINTS
The frequency distribution of the pI showed a bimodal pattern: 55% (51/92) of the BJP isolates had a pI of <6 (x = 5 2) and 45% (41/92) had a pI of >6 (x = 7-5) ( fig 5) . Isoelectric point intervals
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5 1 0 1 5 20 25 There was a correlation between the "migrational" molecular mass obtained in native conditions and the pI, when the latter was above 6 (r = 0 78; n = 41) (fig 6) . This correlation was observed regardless of the monomer/dimer composition.
In the group of patients with renal impairment the mean pI was 6 3 compared with 6- (1) BJP type a, with acid pI (in our study 4 7 and 4 9), which were the most mobile, even at pH values close to their pI. They were strongly charged and behaved similarly to albumin (n = 2). (2) BJP type b, with 5 7 < pI < 6 5, with poor mobility, even when the pH varied by one unit either side of the pI, probably indicating a weaker charge (n = 7). (3) BJP type c, with a pI above 7, which only took a positive charge. Its mobility increased gradually as the pH fell, indicating a strong positive charge at acid pH (n = 1).
Of the 10 titration curves, six were for BJP from patients with renal impairment, and five of these six took a weak negative charge at pH 7. These 10 titration curves also enabled us to detect the emergence of isoforms at distinct acid or alkaline pH values in three cases (fig 10) . STATISTICAL 
ANALYSIS
The data for the patients with renal impairment were examined to determine their predictive value for the onset of renal impairment. Three factors were taken into account: the isotype of the light chains; their "migrational" molecular mass in an acrylamide gradient, and their pI. The results of the unifactorial analysis showed that only the isotype of the light chain was predictive of the onset of renal impairment (p<005). Patients excreting a type BJP had a 2-8-fold higher risk of developing renal impairment compared Table 2 Physico-chemical characteristics of 10 BJP isolates from patients with renal impairment (n = 6) and patients with normal renalfunction (n = 4) for which titration curves were constructed The Ferguson plots for 10 BJP isolates, in native conditions, suggest that the "migrational" molecular masses in these conditions are simply apparent masses. They are, it seems, the expression of a particular protein charge, which confers poor mobility at the electrophoretic pH, and an apparently raised molecular mass in the polyacrylamide gradients. This characteristic, already observed in gel filtration,'2 was also reported in a study involving two-dimensional high resolution electrophoresis. 3 The pI values of the BJP isolates we studied confirm the variability of this parameter.242534 Two groups of BJP were also identified by Norden et al,24 with a pI distribution similar to that in our study. Among the BJP isolates with a pI of more than 6, there was a positive correlation between the pI and apparent masses.
This observation, first made by Hill et al, '8 who measured the mobility, relative to albumin, of 17 BJP isolates in agarose (pH 8 6) , has also been observed by Norden et at24 for eight BJP isolates in agarose at pH 6, using titration curves. The curves suggest that the BJP charge was low at intratubular pH in five of the six cases of renal impairment in which they were constructed. Renal impairment in case 3 (tables 1 and 2), whose BJP had a high charge at pH 7, only started after about 10 years' follow up, suggesting that a high charge might delay the onset of renal impairment.
In a study of cast nephropathy Sanders et al showed the importance of urinary ion composition.17 They reported a protective effect of albumin which, by increasing chloride absorption, countered the formation of obstructive casts. They found that BJP with a high pI (7 7) behaved similarly-although capable of forming aggregates in vitro in the presence of Tamm-Horsfall protein, it did not give rise to this nephropathy in rats. More recently, the same authors showed that furosemide could aggravate the course of cast nephropathy, favouring cast formation by increasing the luminal sodium chloride concentration. 35 These findings suggest that an interaction between the ion composition of intratubular urine and the degree of charge on the BJP could contribute to the nephrotoxicity of the latter.
In our study five of the 19 patients for whom data on possible confounding factors were available had no factors other than BJP likely to contribute to renal failure. This, together with the fact that none of these five patients recovered normal renal function after the episode of acute impairment, points to the nephrotoxic potential ofBRP.
We did not find that electrophoretic 
